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The diversity of arbuscular mycorrhizal fungi amplified from grapevine roots
(Vitis vinfera L.) in Oregon vineyards is seasonally stable and influenced by soil

and vine age
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Abstract: The diversit y Of arbuscular nivcorrhizal
fungi (AMF) in 10 ()i'egon vineyards was assessed h
exalilining spores in soil and aniplifvnig mycorrinzal
DNA from roots. Seventeen spore inorphotvpes were

found in soil, including seven species in the Acaulo-
Sporaccae. Eighteen phyloiypes were amplified Ii'om
grape roots with A\'f 1 and NS3 I primers, and clones
were dominated by (lu.s spp. (> 99%). A few
clones (< 1%) representing it single phylotvpe within
Uigasporaceae, and it clone within Archaeo-
sporaceae were amplified from roots with AMI-NS3I
priiflei'5. A separate experiment emplo ying known
proportions of grape i'ools colonizeci b y Glom-us
jnlra,m-ad,ce.s or by Giga.cpora rosea showed that fin igi
within Gigasporaceae might he uiiderrepi'eseiited in
('lone abniiditice when (;lonujs s pp . co-occur in loots.
No clones representing- fungi within the Acanlospot-
aceae were amplified froimi vineyards, although
specific llmgi within Acaulosporaceae were shown to
colonize Pinot noir roots in sterilized soil and were
amplified from these roots. hnmr Glom-us ph'10types,

icluding C. inl,'a,-adi-es, were found iii roots from all
10 vineyards, and these fungi accounted For 81 % of'
clones. AMF phvlotvpes amplified from loots did not
change (luring the growing season, although six
phylotypes varied with soil type. The presence of'
three plmylot ypes was affected by vineyard age, and
phvloivpe richness appeared to decline as vineyard
age increased beyond 20 N1 . PCA analysis supported
the hypothesis that the AMF community is different in
red-hill soils than in valley soils and indicated certain
phylotypes might be associated with lower soil and
vine nutrient status. However, the changes iii the AMF
comnnlunil y in grape roots across vine yards were
subtle because most root samples were dominated
by the sanie three or fbur pliylotypes.Aseparate
anal ysis using primers to amplify .-\MF f'i'omn the
Arc heasporac cite/ Paragloneraceae showed most root
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(;r)c'\'ines grown in red-hill soils (Ultisols) of
Oregon are highly dependent on arbuscular inycom'-
rhizal fungi (AMF) to obtain ample phosphorus
(Schreiner 2007). A large proportion of line toots
ate typically colonized by A\'l F and a high mitnmiher of
a]'hlmscuiles are routinely found in grapevi tie roots in
Oregon vineyards (Schreiner and Linderman 2005),
Surveys of vineyards in other grape-growing regions
also have found high levels of grapevine 1-001
coloniz	 .Aation by MF (Kai'agian nidis and Nikolaon
1999, Nappi et a! 1985, Scliubei't and Cravero 1985),
and it relationship between vine establish-
mcii t and the presence of ' AMF in roots was found
after fumigation of some vinevai'ds in California
(Menge et al 1983). Little is known however
regarding' the species composition of AMF ('Oloiliz.nig
grapevines in 1)i'Oductioti vineyards. Spores of AN'IF
isolated directl y from vineyard soils or produced in
ti -al) cultures have been dominated b y Ciomus species.
'I'he most conimimomu isolates encountered in vineyard
soils have been Giomus inlraradieer, Glum-us macro-
(ar/)fl In, (;lo,,,,1u'-i,lo.dlee,p and Paragiomus ocr-u itum
(Cheng and Baumgartner 2004, Karagiann iclis et al
1997, Men g'e et al 1983, Nappi et al 1985, Oehl ci al
2005, Schubert and Cravem'o 1985). It is not clear
whit-li of these fungi fbumnd as spores in soil actually
colonize mots of grapevines ..Some fungi might he
associated with other plants in the vine yard, such as
cover crops or weeds. Indeed these additional plants
oil 	 vineyard floor might play it role in maintaining
AMF species diversity in the roots of grapevimmes.

Amplification of fimngal DNA extracted lion-i plant
m'oots has macic it possible to identify specific AMF
that colonize plants in time field. Studies using this
approach have shown that a number of' host plant
species, including those from agricultural and natural
settings, harbor a large number of potential AMF
species within their loots (Doimlian et al 2005,
Helgason et al 2002, Jansa ci al 2003, Lekhem'g et al
2007, Opik et al 2003, Stukenbrock and Rosenclahl
2005, Wirsel 2004). Man y of the sequtemices amplified
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TABLE I. Characteristics of 10 Oregon vineyards wheic AMF were examined

Vineyard

2	 3	 4	 5	 6	 7	 8	 9	 10

Vine age (years)
Soil series
Soil order5
Soil pH
Elevation (in)
Vine density (ha)
Vine row orientation
In row cultivation

'Soil series abbreviations: Bell. = Bellpine, Will. = Willamette, Sam. = Santiam, Wood = Woodburn.
'Soil order abbreviations: U = LTltisoI (red-hill soils), M = Mollisol (valley soils), A = Alfisol (valley soil).

from roots do not match those of known taxa,
suggesting there is a considerable hidden diversity
in AI'vlF engaged in symbiosis with plants that is not
apparent when diversity is assessed by identifying
species based on spores in soil (Helgason et al 2007,
Rosendahl 2008).

Understanding how the diversity of AMF within
agricultural ecosystems relates to overall plant health
or stress avoidance is a key component to developing
sustainable production systems. Different species of
AMF and even different isolates within a species cause
divergent responses in plant growth or nutrient
uptake (Bethlenfalvay et al 1989, Klironomos 2003,
Munkvolci et al 2004). Some fungi might be better
suited to enhance uptake of certain nutrients or
might impart a greater tolerance to drought than
other fungi (Auge 2001). For example Glomus
mosseae, isolated from an alluvial Mollisol, promoted
greater Cu uptake by grapevines than the same
species isolated from a nearby Ultisol whenever plants
were grown in either soil type (Schreiner 2007). Most
data regarding the variation in function of different
AMF has come from similar kinds of experiments
comparing single isolates. In some cases an additive
effect of multiple AMF species (or complimentarity)
can occur, but often one fungal species gives maximal
plant performance that is not significantly enhanced
by adding other AMF to the mix (Jansa et al 2008,
Vogelsang et a! 2006). Therefore, identity as well as
diversity of the AMF community might play a
significant role in enhancing plant growth or nutrient
uptake, and this will depend on numerous variables
encountered in a given production system.

The goal of this research was to identify specific
AMF colonizing grapevines in production vineyards in
the Willamette Valley of Oregon and to gain an
understanding of how the diversity of AMF symbionts
in grapevine roots is influenced by time of sampling,

vine age and soil type. AMF were identified by
amplifying DNA extracted from roots with AMI and
NS31 primers, followed by clotting, RFLP analysis and
sequencing of unique RFLP phenotypes. Spores were
isolated from soil samples from the same vineyards to
determine whether the communityassessed via spores
would be similar to that amplified from roots with a
PCR approach. A nested PCR designed to amplify the
ancestral groups of AMF also was used to examine
whether grape roots were colonized by AMF from the
Archaeosporaceae or Paraglomeraceae because these
fungi are not usually amplified with AMI and NS3I
primers (Redecker 2000).

MATERIALS AND METHODS

Plant and soil samples—A total of 10 self-rooted Pinot noir
vineyards were selected from Schreiner and Linderman
(2005) to examine AMF fungal diversity (TAB!!; I). Root and
soil samples were collected from beneath the vines (in the
planting row) in each vine yard at hlooni (floweringJun 28–

Jul 2) and at véraison (Onset of ripening Sep 13-17) with a

3 cni thaw soil core 50 Cm deep. Four replicate samples
were collected at each vineyard along a transect running
diagonally across each vineyard. The location of each
sample was rioted, and identical vines were sampled at
bloom and véraison. Five soil cores from adjacent vines were
pooled to comprise each replicate sample. Fine grape roots
(primary roots with air cortex) were hand-collected
front samples, sonicated in it water bath 30 s and rinsed with
distilled water. Subsamples (0.1 g) of fine roots were frozen
iii liquid N and stored at –80 C. Leaves were collected at
1)100111 from the same vines as soil samples, pooled froni five
plants per replicate (it = 4 per vineyard), oven dried (70 C)
and finely ground for mineral nutrient analysis (N by
combustion; P. K, Ca, Mg, Fe, Mn, B, Cu and Zn by ICP-
OES) (Schreiner and Linderman 2005) Available soil
nutrients also were determined at blooni after pooling
equal volumes of air-dried soil from each replicate sample
(It = I per vineyard). Soil nutrient analysis was conducted
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by the Oregon State Universit y, Central Analstical Lab,
using procedures for western Oregon soils (Schreiner and
Linderman 2005)

Characterizing A.'rIE s/nrnc in soil.—AMF spores were
extracted from IOU g (fresh weight) soil at bloom with the
wet-sieving/sucrose centrifugation method of Daniels and
Skipper (1982). The nitniher of spores obtained per sample
Was low (< 15 ill samples). Therefore all spores
retrieved from the four replicates per vineyard were pooled
into a single sample (n = I per vineyard). All spores were
mounted oil in PVI .G (Koske and Tessier 1983),
examined under a eon i pint nd microscopepe at ip to 100-fold
magnification and identified based on current species
descri p tions Mid ideir tifi catio ii manuals (Selten ck and Pf'iet
1988, http://invam.caf.wvu.edu/fuogi/taxouoniv,/specieslD
hull, http://www.li-z-mflenehcn.dc/--_schuesslet./.iiiiphvlo/
aniphvlospecies.h tin I)

A rnpiift'ing and iiiaraclerizing AitI J)iV.4 in n)ots.—(;r'iio-
tine DNA was extracted from frozen root samples with the
QIA(;RN (Valencia, California) DNEasv Plant kit, according
to the manuLicturer's instructions, except 0.1% (w/v, final
concentration) polyvinvlpvrrolidone (PVP-40, Sigma Chem-
ical Co., St Louis, Missouri) was added to the initial
extraction buffer (APi) to precipitate phenolic compounds
in grape roots known to interfere with Taq polmerase.
Arhuscular nivcorrhizal, 18S rDNA was PCR-amplified in
50-100 iL reactions with \Ml and N531 primers (1-lelgason
et al 1999. Simon et al 1992). A total of 2-5 pl. extracted
template DNA was used directly or diluted up to 100-fold as
needed. The final reaction mixture contained 0.5-1.0 U
Platinum 7'aq ploynterase (Invitrogen, Carlsbad, Califör-
nia) , 2.0 ruM 1MgCl2. 0.2 niM each dNTI 1 (Tnvitrogen) and
7.5 pinol of each pruner. PCR thernio-cvcle parameters
were the same as those described by I lelgason et al (1999).
Positive (grape root DNA extract from vineyard 10) and
negative (no template) controls were included ill PCR
amplification. All transfers of PCR reagents were conducted
in a laminar flow hood.

After confirming PCR products were of the right size
(-- 550 bp) by clectrophoresis oil agarose gels, products
were cloned with the I'OPO TA sequencing cloning kit
(luvitrogen) according to the manufacturer's instructions
(except the ligation reaction carried out at room temper-
attire was allowed to proceed 30 inin instead of 5 miii).
Typically 30 clones from each toot sample (representing
one of four replicate root extracts per vineyard) were
sampled randoml y, streaked for isolation and cultured in
LB broils with ampicillin (50 gg ./iuil.) overnight at 37 C.
The presence of the target insert was confirmed b y PCR
amplification in a 50 jtI, reaction with 2 p1. from the broth
culture as template, as described above. Those clones giving
correct size products were cleaned with the QiAqumick i'CR
purification kit (QIAGEN) and characterized by RFLI'atialvsis
after digesting with I-Iinj I + A/ui, and also with 1/sal + Macli
for certain unresolved I-un/I + A/ui types. RH .1' fragments
were armal-zed after electrophoresis oil 	 metaphor agarose
gels (Camhrex BioScience, Rockland, Maine).

Initially three clones were sequenced for each unique
RFI .P phenotype per replicate root sample (wheu this was

possible) to characterize RFLP phenotypes that produced
consistent sequences (> 9 9.0% identity) A three-clone
consensus sequence representing these RFI.P phenotypes
(49 of 59 total RH .1' phenotypes eventuall y encountered)
was determimuecl and retained ill our data.set to redttce errors
that could be due to Tw1 infmdelits. Subsequent clones
representing these 49 phenot ypes rarel y differed from this
three-clone consetisus sequence by more than two bases
(> 99.6% identity). However different clones from 10 RFI.P
phenotypes flout grape roots produced inconsistent se-
quences (or phylotypes) and these RFLP phenotypes were
always sequenced thereafter to identif y AMF. In addition at
least one clone of all RFI,P phenotypes fruit) each inevard
was seqrtencecl to cotihrnt that consistent sequences were
Obtained from the 19 -good" RFI,P phenotypes across
vineyards. Sequencing was conducted b y the Oregon State
University Center for Biotechnology with fluorescent
dideoxvterirnnators oil all ABI Prism 3700
DNA analyzer with Ml 3 primers.

A total of 947 clones from 40 root samples (If) vineyards)
were analyzed at hloomrt , and 330 clones from l2 rout
samples (six vine yards) were analyzed at véraison. An
average 24.6 clones was characterized per individual toot
sample. Of the 1277 clones generated with AMI and NS3I
printers 14% (177 clinics) were sequenced. Forward mid
reverse sequences were aligned and edited with Seqlab
(CCC 10, Wisconsin Package, .\ccelrys, San Diego, Califor-
nia) or BioEdit 7.0.5.3 (1 fall 1999), and multiple sequences
were aligned with CI.USTAI. X 1.81 (Thompson et al 1997).
Phvlogeutetic anal ysis using parsimon y (PAUP 4.01)10)
(Swofford 2002) was used to initiall y characterize aligned
sequences. New scqtreitces matching all three-done
conmsenstms sequence bygreater than 99% identity were
considered to he that phvlotvpe and were exclitdecl from
the final sequence dataset. BLAST analyses were conducted
to find the closest known sequences to each of our grape
root pitylotypes using nucleotide BLASIt with no rest nc-
tions (Altselmul Ct al 1997, http://www.nchi.itlmn.nih.g-ov/
blast/Blast.cgi) . The final nucleotide sequence dataset
comttaining the sequences from Pinut utoir roots (15 three-
clone consensus sequences and three single-clone sequenc-
es) and 55 sequences fruumn (;enBamik was analyzed with
maximum likelihood (see below).

The presence of ancestral AMF (Archaeosporaceae/
Paraglonteraceae) in our moot samples was examined with
the nested i'( R procedure and primers (NS5 atici ITS4 ill
rite first PCR, ARCI-1131 I and F1'S4 ill second PCR)
described by Rcdecker (2000). Template DNA was serially
diluted tip to 1000-fold for use in the first PCR, and all
reactions regardless of the presence of hands oil were
diluted tip to 10 000-fold and used as template for the
second PCR, as described by Reclecker (2000) Samples
giving positive prodtucts of the correct size (- 1000 bp) in
the second PCR were clotted with the TOI'O TA kit, as
described above. Two clones per room samuiple were chosemi
randomly for sequencing after confirming clones had the
right size inserts, as described above. BI.ASr analyses were
conducted oil the sequences to find lie closest matches in
(;emiBank. We examined nine individual root samples from
matched replicates at each sampling time (bloom and
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veraison) with root extracts front vineyards I, 2, 6, 7 and 10

(see T\B1i-: I). A total of 32 clones were sequenced front
positive, nested PCR reactions A root extract from a pot

culture of Archaeospom (rapez grown with Sorghurnwas used

as a positive control fi>r I'CR.

Phyiogene/i.c anal - ysis. —Final AM F sequences aniplihed
from l'inot itoirroots with AMI and NS31 pruners
(GenBank accession numbers FJ 194498–FJ 194515) and
sequences from GenBank, including the closest reported
sequence to each Pinot nour loot })hVlOtvpe, were aligned in
510 positions with (1AJSFAl. X. Taxonomic relations
among fungal seqiteticeS were uitferted by perhirining a
niaxittitlin likelihood analysis with RaxMI .-Vl-FIPC 2.0

(Stamatakis 2006) with a GTR-MIX model of evolution.

The analyses were roil for 100 iterations and a total of 2(9)

independent bootstrap anal yses were pert urtitel 1 111 po )y i( Ic

nodal support (l"elsensteiu 1985).

As.cesong biases tnn/iiJp'ng AM!' J.om ioats.—(;loino.s spp.

ate known to form ahtttidant vesicles or even spores in
roots, while fungi front the GigasporaceaC do not form
vesicles in loots (Smith and Read 1997). The producti on of
vesides ill might provide a more easily extracted
source of AMF DNA than that provided by AMF, which
produce only hyph ae ; 11 1( 1 atht tscnles in roots. Thus, the
high proportion of ( ;iomos (. ]ones in our samples relative to
clones lt-oui fungi ill the Gigasporaceae might reflect the
presence of vesicles in roots tIct the presence of different
fungi per se. A greenhouse experiment was conducted in
sterilized soil to test whet Li eu a greater proportion (ion es
would he derived h-nm	 Clown i-coloiitied toots than
(;ig.s/;m-a-colonized roots when roots are mixed ill
known proportions. Fine roots of Pinot noir grafted onto
3309 C roots colonized either b y Gionnus iiiliyiadites

(INVAM No. UTI 26) or by Gigas/ora )Ik((I (I NVi\M
No. Fl .103) were uuxecl in different ratios, providing loot
samples with 0, 25, 50, 75 or 100% of toot fresh Mass
derived from roots colonized by C. intraradircs ( the
renialing portion of loots were colonized b y Cc mosea) -
The original toot samples colonized b y C. wIraratlices had
84% of root length colonized, while those with Ci. u-act'a

were colonized at 75% of root length (colonization was not
significantly different) - DNA was extracted fiummu the mixed
toot samples and ÂME clones were produced and charac-
teiiied by RFI.l' analysis in the same iiiattner as the vineyard
samples. The experiment was repeated with a new mixture
of root extracts in the saute i atios II 1)10 later. A chi-

squared (x 2 ) analysis was used to test the significance uI the

(;Io,nu.c veistis (iga.spoia DNA extraction experinlemt Is

(using only the data frontthose mixes with both fungi
present).

The lack of Arauio.sporu clones in the Pinot noir loots
suggests grapevines are not colonized by fungi in the
Acaulosporaceae or that our iTlethod did not amplify fungi
in the Acaulosporaceae from grape roots. A greenhouse
experituietlt was conducted in sterilized soil to test whether
fttngi fron, the Acaitlosporaceae colonize grape roots and
whether these fungi are amplified from roots. Self-rooted
Pirtot noir cuttings with two different Ara-uias/rnra spp.

A w ulocpora luevis, I N\'AM No. 0R2 17, A en ofaspora

10

000000

-e	 Sample 1
•	 0	 Sample 
----v--- Sample 
__V -. Sample 4

0	 10	 20
	

30	 40

Number of clones analyzed

1. Sampling effort curses for i ndividtial (replicate)
loot samples ill 2, computed analytically in
EstimateS 8.0 (Colwell 2005).

inm -uou',ae, INV\M No. (1735) \c('rc grown 15 wk in  low

P, sand y-loam soil, and fine toot samples were collected and
stored at –80 C. Aft er coil hut tong roots were colonized by
both fungi (cleating and staining with trypati blue) DNA

was CXI tacterl frotii ' 00I satt t pks. atupl ifmed with AM I and
NS3I primers, and (-fulled and sequenced with the satlie
methods as above.

.Siaiistical anaivsis.—Plivlotype accumulation rstts'es (satn-
p1mg eFfort curv('s) to estimate t-ichuiess and associated
error tertlus were computed with EstittuateS 8.0 (Colwell
2005). This atialvsis indicated that - 20 clones was a
1-eaSttlhll' tuuttiiher t o asscss diversity of AMF amplicons
with the AM l-NS3 I printer pair (Fu;. I). x was used to test
whether (lilieretut ÂME plivlotvpes were present ill
based oil samplin g time (bloom versus véraison) , soil gtoup

(valley velsus red-hill), or vine age (11-12 y, 17 v, 24-29 y).

Subsets of matched root s;utmtples hi oil the mcrall (lataset
were used for tltese analyses as follows: (i) temporal changes
in AMF diversity from roots (is-er a single glowing season
(hlootuu vetsIts vet-aisuti) were cotiipared with data fioin 12

moot satilples collected ft -on) tlte same vines at each samiiplumig

Little frotii six vine yards (two replicates per vineyard); (ii)
(Ii hieretuces in MF diversity in different soil types were
assessed by comparing dat.a witlu 13 root samples taken fiotmi
three valley soil sites (vineyards 7, 8 and 9) to data lioni
three similarly aged red-hill sites (vineyards 3. 4 and 5); (iii)
changes in AMF diversity, due to vine age was determined in
vines front med-hull soils only by comparing data From nine
toot satnples ftcm 11-12 y old vines (vineyards 2 and 4),

17 y old vines (vineyards 3 and 5) and 24-29 y old vines

(vineyards 6 and 10).
A principal cutitponelmt. analysis (PCA) was used to better

understand how relative abundance of dilfereitt AMF
phylotypes eotlimllotlly foittid in Pimirt noir roots were
related to each other and to other variables measured.
The PGA was specified with eight AMF phiylotvpes that
exceeded 1% ahttndance of all clones at bloom and were
to rnuallv distributed ( Kolgorov-Smirti ov) - Data for all

0
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TABLE IL A1'vll' s l l)ol'es preset it in Si iii front 10 (i)t'egun vineyards

'iue/ais1

AM fungus	 1	 2	 3	 4	 5	 6	 7	 8	 9	 10

A i'r/iaeus/;ura /1a//ei1
.Scu trlfos/.iora ('alos/.toia
Liiliup/iuspui-a /ii/iJiieFi.v

I caiilucoia clega fl
A ( -a it/i) ipina litea n usa

A ia ii /usjwia lactic
A au los/lola i .e/i in,,

ztCail/(AS/)oia .51,1 . /
A ca it/o.c/io;a .c/. 2
(;loin u.s lit
(;loi,i its nio.sxel'le
(;/,,, u.s ru/nj aria u.s

Gloin ns ilartoilcu iii

(;/o,nu.s .5/,. 1
Glowirs .sp. 2
(1am its .sp. 3
(;loii,,i.s s/). 4

To tal num ber of species

+
+	 +
+

+	 +
+

+

+
+	 +
+
+
+

+
-I-

9	 7

+
+	 +	 +	 +	 +	 +	 +

+
+	 +	 +	 +	 +

+	 +	 +	 +
+	 +

+	 +	 +
±	 +
+	 +	 +	 +	 +	 -I-	 +

+	 +	 +	 +	 +	 +
+	 +	 +

+	 +	 ^
+	 +	 +	 +	 +	 +

+	 +	 +

+	 +	 +

6	 7	 6	 7	 7	 7	 9	 10

variables 1155(1 ill 11( A s% as cen u'it,'( I a nd standardized
(Ludwig antI Revuokis 1988). Plant and soil nutrients (leaf
Coli('('iiji')i!i()fls and soil extra('( couc('ilti'atjofls of N. J), K,

Mg. Fe, Mu, B, Cu and Zn), soil 1 I and soil nioistui-e
content (reported by Schreincr and I .indei-nian 2005) were
passisily projected into the ordination space. Onl y those
Icaf ot soil v;n'iables sliowi ig a relatively strotig relationslup
to tile lust two PCA axes (se( . tor lciigtli greater t1iui 0.5
units) tue shown. Statistical anal ysis was conducted with
Stttistic'a 8.1) software (Statsofu Inc., Tulsa, (I)Llaltotua) -

RESt ' i:i's

AjVIJ som-('5 in coiL—The number of ANN spores
retrieved from the vine row soil samples was loss', with
most samples having fewer thati 15 spores per 100 g
Wes h weight) of soil. The individual replicate
samples front each vineyard therefore were pooled,
Iflouttiled on a single slide, and the presence or
absence of different described and unknown Species
was determined. Each vineyard had 6-10 species of
AMF spores ill soil at bloom (L\ttt .1'. 11) ./'etileilospoia

"I 10-5P0 was the most cotntiton Species isolated
(present in nine of 10 vineyards) and the only species
p resen t front the Uigasporaceae. Glom-us inlraradiee.s
and (;Iamntes lIios.scae each were found in eightt
Vineyards , an d A ('aulo.spai'a eieg'a its was found in seven
vittevarcls. A total of six Aeaulo.spam-a spp. and eight
(;loi,ui..c Spi). were fotitid across all sites, It i s Possible
that (;foimiu.s sp. 1 and (;Ioni;t,,c sp. 2 are time Sante
fungus because we could disiingttish these immorpho-
types based only oil 	 (cleat' versus light brown

Atm-Il' amplified /ronl roots —All individual toot sani-
pIes used to amplify A\'EF DNA were well colonized 1w
ÂME as conht-ined via c]earing and staining separate
snbsaniplcs of toots. "lite average colonization by AMF
in the hO vinevaids examined at 1)100111 was 70% of'
root length (42-90%), with arhuscnlar colonization
averaging 99% of root lcmtgth (data not shown). All
root. samples produced positive PCR reactions with
the A'l I -NS3 1 printer pair, giving products of

550 bp, and abtttmdant clones were obtained 1r
all saitiples. In all, Sf) tntiqtue RFLP phenotypes using
it of two doiible digests were identified
(data not shown). Of these. 10 g;tve incoIlsi.stent.

sequence phylotvpes anti could not he relied on to
place the given clone in the correct sequence-based
p hylotype.

The icleti ti tv of fungi amplified from grape root
extracts was quite (lifferent ft'onm those ÂME idetitilied
as spares in stil. A total of ' IS pltylotypes were found
h-out Pittot noir roots using the AM l-NS3 I primer
pair (Fu;. 2). Three phylotypes (ARCH I, GL() 4,
(4 1) 6) were e n countered only once as it single clone
and ittay he considered rate. The remaining 15
phvlotvpcs Wet'e encountered a sufficient number of
tttlles to obtain a three-clone consensus sequences ha'
our anal ysis. The ntaximtmm likelihood tree (FR;. 2) is
nearl y identical to earlier trees we used to initially
characterize sequences using maximum parsitnonv
(PAUP) and tins tree is generally consistent with
works using the same PCR l)riiiicrs (I Itmsbatid et al
2002a, Opik et al 2003, Jumppouicn 2005).
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Glomus fasciculatum [Yl 7640]
ORVIN GLO 3C [FJ1945091
Glomus sp. MO-G3 [AJ496054]
Glomus sp. G1o8 lAY 129602]
Glomus intraradices [X58725]
Glomus fasciculatum [AF2317611

lomus manihotis [Y176481
Glomus clarurn [AJ276084]

1 ,(l 	 proliferum [AF21 3462]
84	 Glomus sp. G 1 [EF177543]

65	 ORVIN GLO 31) [FJ194510]
Glomus coremioides [AJ249715]

Glomus sinuosum [AJ133706]
84 ORVIN GLO 3F [FJ194512]

1Glomus sp. G1o3 [AJ715998]
ORVIN GLO 3E [FJ194511]

98 Glomus sp. ETF8 [DQ388640]
ORVIN GLO 3B [FJ194508]

73 rGlomtjs sp. Co 2a2 [AM412539]
90	 G1omus sp. P4041 [AJ563897]

ORVIN GLO 3A [FJ194507
Glomus sp. G1o3 [AF074364]

65 100 ORVIN GLO 5 [FJ194514]
Glomus sp. G1o54 {AJ854081]

ORVIN GLO 2 [FJ194506]
omus sp. G1o2 [AY129638]

Glomussp. G1o2 EAF131O4fl
Glomus sp. MO-G5 [AJ4960771

Glomus sp. MO-G6 [AJ496094]
Glomussp. G14.1 [AY916397]
ORVIN GLO 6 single clone [FJ194515]

omus sp. p3712 [AJ5638771
67 ORVIN GLO lB [FJ194501]

91	 Glomus hoi [AF4858881
Glomus sp. G1o9 [AF074355]

99 ORVIN GLO IF [FJ194505]
Glomus sp. 2a1 [AM412538]
Glomus sp. G1o20 [AJ716003]

j— ORVIN GLO IA [FJ194500]
Glomus sp. G1o48 [AY512347]

GLO 1  [FJ194504]
Glomus sp. DGGE band 47-2-8 [AY641 827]

ft,00

ORVIN GLO ID [FJ194503]
Glomus sp. G1o4 [AJ309465]

Glomus sp. G1o4 [AF074354]
 Glomus sp. P3672 [AJ563869]

ORVIN GLO IC [FJ194502
Glomus geosporum [AF139733]

Glomus caledonium [Yl 76351
0	 lomus mosseae 1U961411
g

Glomus coronatum [AJ2760861
61 Gigaspora gigantea [Z1401 0

Gigaspora decepiens [U961461
100	 Scutellospora castanea [AF038590]

Scutellospora pellucida [Z140121
97 OR58

97	
00

SCUT I [FJ1944991

D
Scutellospora dipurpurescenS [AF 1 310271

iversispora spurcum [AJ276077]
Glomus versiforme [X86687]

87	 Acaulospora rugosa [Z14005]
61 Acaulospora lacvis [AF131041]

78	 Acaulospora koskei [AF2317621
Kuk/ospora columbiana [Z140061

ORVIN GLO 4 single clone [FJ194513]
Glomus sp. G1o59 [EF04I 096]

Glomus lamellosum [AJ276083]
G/omus etunicatum [Z14008]

Archaeospora trappei [AJ006800]
Archaeospora sp. [AJ563887]

ORVIN ARCH I single clone 1FJ1944981
Paraglomus occultum [AJ2760821

Ambispora leptoticha [AJ006466]
- Geosiphori pyriforme [X86686]

0.1 substitutions I site

Fi;. 2. Phylogenctic tree of arbuscular mycorrhiza] fungi obtained by maximum likelihood analysis of partial 18S rDNA

sequences (- 510 hp). Flie tree was rooted with Genci/;hon pynjorme and sequences from Oregon Pinot noir roots are shown in

boldface and preceded by the prefix ORVIN. The most closely related sequence(s) from Gen Bank to each Pinot noir sequence

were included in our analysis.

75

93

69
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T\BI.l. III. Relative abundance of AMP phylotvpes in roots of Pinot noir grapevines from If) Oregon vinevarrkat bloom
(usin g AM 1-NS3 1 primers)

Percentage of clones in each vineyard
Phvlotvpe	 1	 2	 3	 1	 5	 6	 7	 $	 0	 It)

	

1.1	 0.0
	

1.1

	

7.7	 3.2	 18.0	 22.17	 1.8	 11.0
	

2.2

	

1.3	 1.1	 15.7	 3.6	 3.0
	

11.1
2.6

11.8
5.9
5.9

	

23.1	 13.8	 13.5	 7.0	 5.5	 6.0
	

31.1

	

38.5	 17.9	 22.5	 38.2	 34.5	 25.7
	

12.2

	

1.3	 1.1

	

26.9	 27.7	 29.2	 21.1	 10.9	 37.6
	

38.0

ARCH I
	

1.l
SCUT I	 2.6
GLO IA
	

1.1	 26.5	 5.0
GL() I B
	

7.7	 6.0	 7.9
GlO ic	 3.4	 2.0
c;i() lI)	 1.1	 1.7	 1.0
(;I.O IF:	 1.7
(;Lo i
GL() 2
	

27.5	 8.5	 18.8
(;Lo 3/C	 40.7	 21.8	 17.8
GL() 313
	

11.0	 0.9	 10
(;LO 3(:
	

5.5	 23.1	 36.6
GLO 3D
	

1.1	 4.9
GL() 3E'	 1.0
GLO 3F
GL() 4
	

0.9
(;LO s
	

3.3
(;LO 6

1.3	 6.4

Total clones	 91	 II 7	 101	 78	 94
Total number of Plivlolvpes	 If)	 11	 10	 7	 6

Plivlotvpes used for PCA analysis (Fi(;. 4).

7.9	 12.7	 2.0	 2.2
16.7

1.0

89	 76	 110	 101	 90

6	 6	 9	 9	 8

Phylotype richness at each vineyard was 6-11, with a
minimum number of unique ptiylotypes in any one
root sample of three and a maximum of eight
(TABLE III). AMF amplified front Pinot noir roots
were clearly dominated by Giomus spp. (GLO). Not a
single clone was found representing fungi in the
Acaulosporaceac, and only a small fraction (< 1%) of
clones were found from the Gigasporaceae. Nine
phylotypes (all within Glomus) occurred above 1% of
clone abundance, and four of these (GLO IA, GLO 2,
GLO 3A, GLO 3C) accounted for 81% of all clones.
Six of the 18 phylotvpes appeared in only a single
vineyard.

Assessing biases amplifying ?ii'tlF from roots.-Data
from the mixed root sample experiment, using
known quantities of roots colonized by two fungi,
C. in frara'Jices or Ci. rosea, indicated that the
proportion of Glomus clones amplified from mixed
root samples were more nhlmerons than expected
based on the percentage of root mass colonized by
C. intrara(Ilce,s (TABLE IV). The bias favoring greater
representation of Glomus clones differed most from
expected values when Cloinu,s roots accounted for
only 25 17c of root mass. However sonic Ci. rosen clones
were encountered in all the mixtures, even when
Glomus-colonized roots accounted for 75 1/c of the root
sample. These results support our hypothesis that

(;loiui.c DNA is more easily extracted or more readily
amplified from toots than is DNA from fungi within
the Gigasporaceae and indicate fungi Iron the
c;igts)onlceae might be under-represented in clone
abundance data whenever Glomusspp. co-occur in
toot samples.

Data from the Acaniospora inoculation trial showed
that fungi within the genus can colonize Pinot noir
roots and are easily amplified from grape root DNA
extracts. A. iaetijs and A. morrow/ne colonized 10%
and 59% of line root length in Pinot noir cuttings.
Sequences of clones obtained after ECR with AMI
and NS3I primers placed both samples within the
Acaulosporaceae. The closest described species to the
grape clones from A. iaevzs-colonized roots was
A. lace/s (GcnBank accession number Y17633), while
clones from A. iflorrowia&colonized grape roots were
closely related to A. ragosa (GenBank accession
number AM2 14005).

Factors influencing AMF pirvlotypec in roots-Sam-
pling time had no influence on phylotype richness
(Fu;. 3A) or on the relative abundance of unique
phylotypes amplified from Pinot noir roots, except a
single l)IiYotYpe (GI.O 3E), which was most abundant
at véraison (TABLE V). Phylotype richness was lower in
roots from red-hill soils (11) compared to valley soils
(14), but a greater sampling effort would he required
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TAIII.E IV. Predicted and observed frequency of (;lo,nus clones in lute root mixtures with known Pt oporttons of Glomu.s

intro rathes and (gas/in)'a Iowa (using AM l-NS3I primers)

Number of Clones

Percent (101n us ro )h
in sample

IOU
75
30
25

0

X2 significance

Experiment 1

Expected

26
18
1 3. 5

0

0.013

Experiment 2

lotal	 Observed	 Expected	 Total

26
	

26
	

26
	

26

21
	

21
	

18
	

24

27
	

IS
	

12.5
	

23

20
	

I -I
	

6.23
	

23

24
	

0
	

0
	 "9

0.003

Observed

26
19
22

9
0

; 'Chi-square analysis included only those mixtures with both littigi present (df = 2).

to prove this (Fl(;. 3B) . The abundaitee of individual
pliylotypes was affected by soil type, with six ol the 16
fungal phylotypes significantly clifferetit in red-hill
versus valley soils (TAtsLt. V) . The most striking

14	 A

12

10

8

6

4

2

ml)
t 16- B
a)

14

t(J	 12
(1)

10
2 8
>

6
o 4
ml)
-o
E
Z 14 C

12 --

10

8

6

4

2

0
0

Number of root samples analyzed

Fu ;. 3. Sam pl itt g efdirt ctmrves br matched root samples
used to assess the ath'ct of (A) sampling time, (B) soil type
and ((,) vine age oil diversity. Curves were computed
analytically in I'ist imateS 8.0 ( CoIwell 2005), and points are
shown	 standard deviation. See Ms FERL\t,S AND ME r-lOt)S
for explanation of matched samples.

clilfereitces were the absence of GI.O 3F in red-hill
soils, the higher abundance GL.O 3E in vallev soils
and the higher abutidatice of (ThO 2 in red-hill soils.
Vine age influenced the total number of phvlotypes
atttplilied lroiii roots. The older vines ill this stttdv,

FCI) reSettLing sotne of the older vineyards in time
region, had significantly fewer phylotypes in loots
than the younger vines (Fl(; .3C) . The abundance of
GLO 1A decreased while GLO 113 incteased as vines
aged. and GLO 3A decreased in abundance in the
oldest vines ('FARItI V)

Results from I'CA indicated the abuitdance of AMF
phvlotypes G1.O 3E, Gl.() ID and GL() 3A were
associated in dill 'tent vinevaids (more abundant in
valley soils) and their co-occurrence might be linked
to higher levels of soil nutrients (Ca, Fe, Mg, Mn and
NO,,) along axis 1 (38% of variation iii AMF phylotype
abun(lance) (Ftc;. 4). The live remaining plmylotypes
were not closely associated, although (;[X) IA and
G1.() 3C diverge from Gl,() 2 and (ThO 3B along with
clifterences itt sonic leaf nutrients (C, N, K, Ca and
Mg) along axis 2 (27% of variation in AMF phvlotype
abutt(lance) . These results support the differences we
ohS('iecl in AMF diversit y based on X2 analysis. \Tallev

soil vineyards formed a group generally located in the
upper right quadtamt t of the PCi\ plot, while red-hill soil
vineyards fornied a loose group printarily located ill the
lower left quadrant. This separation coincides with
greater abnti(latice of (il.0 2 (lower left qutaclran t)
i ll red-hill sites and greater abundance of Cl .0 3E,
Cl .0 11) and (ThO 3A (upper right (Iuadrant) in valley
sites, as cleterniined by X2 analysis.

Presence of Archaeospora/ Paragloin us in P,-iioI

noi-r roofs—All Pinot noir root extracts frortt the
bloom samplittg and 78% (seven of nine) of the
extracts front veraison produced detectable products
in the nested PCR using Archaeosporaeeae ptinierS
(TABLE VI). The vast niajt)nty of clones seqitenced
closely matched either Paraglo-mm s (10% of clones) or



100 1 MFotypes
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B
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'Ithi.t. V. Influence of sampling time (phenologv), soil type and vine age on the abundance of AMF in Pinot noir roots

Niiiiiher of clones in marched samples'

Sample date	 Soil t ype	 Vine age (veai's)

Phvlotvpe	 -	 Bloom	 Veraisoit	 \allev	 Red-hill	 11-12	 17	 21-29

AR( 11 I	 1	 0	 (1	 ()	 1)	 (1	 0
SCUT 1	 1	 2	 I	 1	 4	 1	 2
(;lk) 1.\	 (i1)	 64	 44*	 28*	 55*	 21	 31
(;Ix) lB	 17	 21	 8	 13	 10*	 12*	 25*
(;I,o 1(:	 2	 2	 3	 2	 4	 2	 0
(;LO ID	 0	 0	 13:1:1*	 2	 1	 0
(1.O IF	 1	 0	 6	 0	 2	 0	 0
G1.O IF	 0	 1	 Ii	 0	 0	 0	 1)
(;Lo 2	 15	 53	 36	 70*	 31	 39	 13
(;1.O 3A	 UI	 75	 98	 106	 69:',c7611	 36*
(JO 3B	 3	 3	 0	 6	 4	 4
Gl.O 3(:	 70	 811	 74*	 110	 62	 77	 72
(JO 31)	 0	 3	 0	 8	 0	 8	 0
GL03E	 5	 19	 28	 8*	 3	 7	 ()
(;1 A) SF	 0	 0	 1 8	 0:!z

	

1)	 0	 0
(1.O 5	 2	 3	 1	 0	 0	 0	 0
(JO 6	 0	 0	 1	 0	 0	 0	 (1

'Iotal number of clones	 298	 330	 337	 353	 246	 248	 219
Total nlmnihcr of phvlotypc.s	 12	 12	 14	 II	 11	 11	 8
NIlinber of vineyards (root samples) anal'rjcd 	 6 (12)	 6 (12)	 3 (13)	 3 (1%)	 2 (9)	 2 (9)	 2 (9)

`See M.\i I"RIAI,S AND .\tl'lit-lOi)S for explanation of' mat elled siimnplc.s.
lnd u a tes sigi i licance of sample date. soil t ype. Ir vine age n ii ic ftcq nencv of it 	 AMF phvh >ly )e (y an alvsis at 95%

('0! di nc i(c).

lrchaeospora (44% of clones) sequences in Gen Bank.
Four clones were relalcd to (1oinu,n scquences, and it
single clone was it fungus ( C/adospm-ium
ci(I/U in). The Paiagiomuc cloties in Pinot noir roofs
were most closel y related to Paragioinuc synibionts
amplified Iroiti maize loots f'roni loess in Switzerland
(Hijri ci al 2006; C;cmiBamtkaa:ession numbers 872024,
872025), while irc/laeospora clones were most closely
related to a sequence ohiained f'r)rn specialized,
AMF-containing root nodules of it New Zealand
rainlorest tree (Russell et al 2002. GenBank accession
number 452634) or to it sequence obtained directly
from soil (timiputhl, GenBink accession miuimitier
421303).

DISCUSSION
1-1-

Axis 1 (377%)

Fl(;. 4. ( orrclation hi-plot (P(2\) of eigli oonnallv
(liStrillimled ANIF phvIot1cs with > Mr abimtidaitce in 10
Oregon vinevam'ds. Vectors for soil (black lilies) and leaf
(gray lines) variables were passivel y projected into the
Ordination space (on lv those variables with vect ( ) lS > 05
units long are showmt) - Vineyard coordinates were lllhllti-

plied by 0.2 to fit the coordinate system.

Situiilar estimates of' .\MF richness in Oregon l'inot
tow viriev;itds were obtained based oil anal ysis of

spores in soil and time anal ysis of DNA phvlotvpes
amplified from grape toots. Seventeen tilmiqile spore
rnorpliotvpes Were irlemi nied fi'otui soil ( ' I'Atit ,F II),
while 18 unique sequence plivlotvpes were amplified
It'oni grape root extracts (T,ut,t- III). I lowever, them-c
was a large difference in the iden titv of' fungi cletc'cted
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TABLE VI. Presence 01 Parag/mu. and Aiehaeos/oiuz phvlotypes in Pinot 11011 ' roots in matching samples at bloom and

véraison (n = 9)

of + PCR	 CIOIRS	 I'araglomus	 Archaeo5ora	 (1011iii.s	 Other

Sampling time	 reactions/total	 sequenced	 clones	 clones	 (lones	 fungi

Bloom	 9/9	 18
Véraison	 7/9	 14

Total	 32

by either approach. For example, six species within
genus Acaulospora were found as spores in soil but no
Acaulospora phylotypes were amplified from roots.
The lack of agreement between AMF spores in soil
and those amplified from grape roots contradicts
Hijri et al (2006), who found fairly good agreement
between spores isolated from soil and phvloiypes
amplified from roots in a survey of five agricultural
fields. However, others have reported a poor match
between AMF spores and AMF in roots of grassland
plants (Börstler et at 2006, Henspel ci al 2007).
Indeed Hempel ci at (2007) also detected Acaulospora

ph ylotypes as spores in soils but did not find
Acaulospora phvloivpcs in roots, similar to our results
in vineyards.

We suspected that fi.irigi within the Acaulospora-
ceac might not colonize grapevine roots because
studies using AM1 and NS31 primers amplified fungi
from the Acaulosporaceac from a variety of host
plants (Helgason ci at 1999, 2002, Husband et at
2002a, Opik et at 2003). Results from our greenhouse
study showed that Pinot noir can he colonized by
Acaulospora Spp. in sterilized soil and appropriate
Acaulospora sequences are readily amplified from
these roots. Therefore the lack of Acaulospoiaceae
species in roots from Oregon vineyards is apparently
not a result of a procedural bias. Fungi within the
family appear to he poor competitors (or colonizers)
of grape roots in the vineyards sampled, which is
supported by the relatively weak colonization of roots
by both Acaulospora isolates in our greenhouse
experiment. A. Nevis had colonized only 10% of
the fine root length of Pinot noir vines, but even
A. niorrowiae had notably less intense colonization of
roots than typically observed in grape roots with other
AMF (Schreiner 2007). The lack of Acaulospora

clones having been amplified from 52 different
root samples (> 1200 clones) in this study clearly
shows AJ\'IF within the Acaulosporaceac are poor
competitors in grape roots in the field. Therefore, it is
likely that the six species of Acaulospora spores ftmnd
in the vine row soils are associated with other host
plant species (cover crops or weeds) present in our
sites. Spores of Glontus rnosseae, Gloinus clariodeum

and Entrophospora infrequens also were found in the

S	 7	 2	 1
5	 7	 2	 0

13	 14	 4	 1

vine row soils but were never amplified from grape
roots.

It is not surprising that most of the spores retrieved
from the vineyards were described species (- 65%)
while most phylotypes amplifier! from grape roots
were not closely related to any described species
(-- 17% were related to known species). Root-
amplified AMF are dominated by undescrihed taxa in
nearly all molecular studies ofAMF diversity (Rosendahl
2008). Of the 15 (;iomus phylotypes identified from
grape roots, only GlO 3C is a describer! species,
G. irmt,radices. This phylotype was the second most
abundant across all vineyards, supporting its desig

-nation as a cosmopolitan fungus in many ecosystems
(Skorová ci. at 2007). C. mntraradices has dominated
both soil and root trap cultures in our efforts to
isolate and culture the phylotypes common in Pinot
noir roots. Sequences of C. intraradmces isolated from
vineyard 4 were a perfect match (100% identity) of
the GLO 3C sequence in our dataset, and this isolate
has been deposited in INVAM (No. 0R216). The
other 14 Ciomus phylotypes found in Pinot noir
roots often were closely related to other root-derived
sequences from various ecosystems around the
world, but none were closely related to any described
(known) AMF species in GenBank (FIG. 2).

Several other studies have found C. intraradices ( or
closely related fungi) dominates the community of
AMF amplified from roots, with few if any fungal
clones representing fungi from the Acaulosporaceae
or Gigasporaceae clacles (Hijri et at 2006, Husband et
al 2002a, Lekberg et at 2007, Opik et at 2003,
Jtmmpponen et at 2005, Skorová et at 2007, Wirsel
2004). Fungi within the Gigasporaceae might he more
prevalent in winter (Helgason ci. at 1999), which
could explain the scarcity of our SCUT I phylotype in
Pinot noir roots. However, fungi from the Gigaspor-
aceae also might be under-represented in comparison
to other AMF when amplifying root DNA extracts, as
was demonstrated by the results from our mixed root
sample experiment with G. intraradices and Ci. rosea

(TABLE IV). The lower than expected abundance of
G. rosea in our mixed root samples was probably due
to the absence of vesicles (Smith and Read 1997) in
Ci. rosea-colonized roots. Vesicles (produced by most
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Fungi in the Gloineraceae and Acaulosporaceae)
obviousl y would provide a greater quantit y of easily
extracted AMF DNA as comparer! to much smaller
hyphae and arhuscule structures produced in roots b
all AMF. While the SCUI I phylotvpe might be more
prevalent in grape roots than our clone iiuiiiihers
indicate, it is still unlikely to be a major root colonizer
in the field because its total abundance was less than
1% (lADlE III). The SCUT I pliylotype amplified
from Piuiot now roots is most likel y Scufel/ospora
calospora, which was found as spores in 90% of our
vineyards II) and which is believed to he
synon ymous with Scuteiios/ora dipiirpu riccens (C.
Walker pers c:omm) , the known fungus that SCUT I
was closely related to in our likelihood analysis
(Fit. 2). It appears that S. caiospora also might he a
Poor competitor in colonizing grape loots in Oregon
vineyards or that the host plant favors ituigi from
Glomerales.

The common occurrence of G. mosseae spores in
our vineyards, but the absence of this fungus in ioot
amphicons also was reported from peas iii an
agricultural field (Kjøl]er and Rosenclahl 2001) and
from a mixed grassland community (Hempel et at
2007). Fungi within the C. mosseae dade are
considered to be ruderal species because the y have
been common early colonizers in tree seedlings
(Husband et at 2002a) and iii greenhouse trap plants
(S9korová et al 2007) and later are replaced by other
phylotvpes after 10-12 mo. C. mosseae was one of the
most common sporesspores in the vineyard soils, and this
fungus colonizes grape roots intensel y and improves P
uptake and plant growth substantially (Schreiner
2007). C in Ira radices also might he a ruderal species,
being a conimon early colonizer and later replaced h
other phylotypes in tree seedlings (Husband et al
2002a) . However our data from grape roots do not
support this hypothesis. We fbund C. i ntraradices was
a dominant colonizer of Pinot noir in nearly every
vineyard and actually had the lowest abundance
from roots at the tilled site in our dataset (vineyard
I). We also detected no change in the abundance of
G. intraradces with vineyard age (TABLE \/).

We found no temporal change in AMF diversity in
grape roots within a single growing season (TAIII.E V)
Indeed the striking similarit y of phylotype abundance
and diversity betweeii blooln and vraison after we
analyzed the first 12 root samples froui the latter time
P
oint precluded any further analysis. Others have

found significant changes in AMF diversit y in roots
over similar short intervals (Helgason et at 1999,
Husband et al 2002a, b, S'korová et a! 2007). While
other studies also have reported no change in AMF
diversity in roots over a single growing season
(Roseridahl and Stukenbruck 2004, Wirsel 2004).

This lack of change over a growing season in our
vineyards is perhaps not surprising when one consid-
ers that the soil profile in the vine row (where we
sampler!) is a stable environment (no tillage, except
vineyard I). Although a shift in the AMF community
in grape roots did occur as vines aged from about 12 y
to more than 24 v. The abundance of GL() IA and
(ThU 3A declined in roots as vineyard age increased,
and these phylotypes were partially replaced by
greater abundance of GL() Ill (TAint: V) . Our data
also suggest the AMF diversity in the roots of
grapevines decreases as plantings aged beyond
- 24 v (FI(; .3), hut this finding needs to be
rigorously tested.

Different AvIF communities were found in Pinot
noir roots growing in different soil ties (T\nu: V).
GL() 2 and GL() 3C ((;. iniraradices) were more
abundant iii roots from vineyards with red-hill soils,
while four phylotyp	 res were moe abundant in vine-
yards with valley soils. These differences also were
observed by PCA ordination of common AMF phvlo-
types and indicate that the diversit y of fungi in
grapevine roots is related to soil frrtility and plant
nutrient status (Fi(;. 4). The ANIF community in valley
soils diverged from red-hill soils (albeit weakly) along
with higher levels of many soil nutrients and pH.
suggesting PC1\ is a meaningful tool for understanding
AMF communities in Pinot now. Valley soils generally
are more fertile (particularly for Ca, Mg and P) and
have higher 1)11 than red-hill soils (Schreiner and
Linderman 2005). Indeed young Piiiot noir vines do
not grow appreciably without AMF in red-hill soils but
can achieve similar growth rates with or without AMF
in valley soils (Schreiner 2007).

More than 90% of the root samples we examined
with the nested PCR and primers for the ancestral
AMF produced clones with sequences closely related
to either /'ara.giomus or A rchaeospora. All clones we
sequenced generated with these primers (excluding
four Giomv.s clones and one Asconivcete clone)
showed strong homology to the same, few accessions
in Gen Bank. The Paragiomus clones we amplified
from Pinot noir are likely to he Paraglornu.s ocruilum
because this fungus has been found comnionly in
soils from numerous vineyards around the world
(Cheng and Baumgartner 2004, Oeh] et a! 2005.
Schubert and Cravero 1985). The Arc/iaeospora clones
from Piiot Hoir roots are most likely Archaeospora
frappeii, which was identified from spores in soil at
two of our vineyards (TAHt.E 11).

CONCLUSIONS

Similar estimates of AMF species richness were fhuncl
in Oregon vineyards based oil 	 in soil or AMF

NO-
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DNA amplified froni roots, although different. fungi
were identified by each method. We relied more
heavily on the results from PCR because we are most

interested illin AMF that colonize grape roots ill
field. However, while PCR can allipliPs' only Ilin i that
are present in (or on) the roots that are extracted, we
do not know what fungi might be missed (or at least.
under-represented) with this approach. Oil 	 other

hand examining spores ill might be unreliable in
identifying fungi that colonize a given host plant.
because those fungi identified as spores might
associate with another host plant in the system. By
using both approaches and by conducting additional
controlled experiments we have shown that grape-
vines associate more readily with certain AMF ( (;luuws

spp.) and exclude other fungi ill the field (Acaulo-
sporaceae) What ultimately drives host plant selec-

tivit y for specific A'IF by grapevines and the resulting
community structure of AMF ill roots is largely
unknown but, appears to involve soil fertility in

different soil types and vineyard age.
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